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Abstract—This paper presents the results of the investigation conducted to assess the latter day strengths of concrete in which the cement 
constituent of the mix has been partially replaced by empty palm oil fruit brunch (EPO-FBA). The structural parameters investigated were: 
workability, density and compressive strength. Some physical properties and chemical analysis were conducted. Slump test was used to assess 
the workability, while 150 x 150 x 150mm concrete cube specimens were used to assess the density and compressive strength characteristics. 
Replacement of Portland cement with EPO-FBA were carried out up to 20% by weight at interval of 5%. The results showed that (i) the concrete 
specimens with EPO-FBA became less workable with increase in the cement replacement with EPO-FBA, (ii) normal density concrete was 
obtained with densities in the range 2240 – 2480 kg/m
3
 when the cement constituent of the mix was partially replaced with EPO-EBA up to 
20%, and (iii) the compressive strength developed by the concrete specimens at 5% cement replacement with EPO-FBA was better than the 
control samples. 
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——————————      —————————— 
1 INTRODUCTION 
oncrete is a composite engineering material that has 
become the dominant construction materials for 
building and civil engineering construction to the 
extent that the majority of the infrastructure that held the 
present civilization was of concrete construction. The 
reason being its ease of being produced with different unit 
weights, strengths, stiffnesses and durability 
characteristics and properties, using the same four basic 
components of cement, fine sand, coarse aggregates, and 
water. Sometimes some additives such as pozzolans, etc. 
are incorporated into the mix for specialised application. 
In addition, it can also be produced in various shapes and 
sizes, and thus offers flexibility in forms. However, the 
production of Portland cement, an essential constituent of 
concrete, come at a great cost namely (i) massive 
consumption of non-replaceable natural materials, (ii) 
tremendous amount of energy required for its production, 
and (iii) the release of significant amount greenhouse gas, 
notably CO2, - about 9% of global emission - during the 
cement clinker production (Mehta, 2009). These are 
environmental issues that now bother on the sustainability 
in the cement and concrete industry in general and in 
structural engineering in particular (Ochsendorf, 2005).  
Some of the measures taken to decrease the rate of CO2 
emissions during cement manufacture include: (i) 
attainment a higher efficiency in the production process, 
by decreasing fuel consumption and (ii) reduction of the 
rate of clinker production by using mineral replacements 
(additions or Supplementary cementing materials SCMs) 
added during manufacture or directly through cement 
replacement at the building site (Mehta, 2009). Adaptation 
of wastes from industrial and agricultural sources, like fly 
ash, granulated blast furnace slag, rice husk ash, etc.  have 
proved to be a sustainable source of SCMs (Barnett et al., 
2006; Abalaka, 2013; Falade et al., 2013; Fapohunda et al., 
2014 and Fapohunda et al., 2016).  
*Corresponding Author 
But the low early compressive strength development that 
is characteristics of pozzolans presents a major setback to 
their application on mass scale for civil and building 
construction works. This is especially true in urban areas 
where developers and civil/structural engineers are under 
pressure to produce a concrete mix that is capable of 
developing as much as possible high early strength and 
also where there is high demand for concrete with high 
early strength.  Obviously high early compressive strength 
concrete will lead to early formwork removal and speed in 
construction leading to overall reduction in construction 
cost.  But this pressures do not exist amongst Nigerian 
rural areas dwellers, thereby paving the way for full 
application of pozzolans or other SCMs for construction 
purposes, especially when used in residential buildings.  
Moreover, since economic activities in the rural areas are 
agricultural-based, the wastes from these activities could 
be investigated for possible use as SCMs in concrete 
production. This will serve: (i) as efficient and productive 
solid waste management system, resulting in clean 
environment, (ii) as an avenue for the development of 
sustainable small scale industries, (iii) to arrest the 
incidence of rural-urban migration, and (iv) as 
enhancement of quality of life and overall wellbeing. In 
addition, the civil/structural engineer would have 
demonstrated, in practical terms, the social and 
environmental impacts of structural engineering by 
addressing the sustainability issues that are involved 
(Ochsendorf, 2005).  
This paper present the results of the investigation 
conducted to assess the latter day strengths of concrete in 
which the cement constituent of the mix has been partially 
replaced by empty palm oil fruit brunch (EPO-FBA). 
Empty palm oil fruit brunch (EPO-FBA) is a waste 
material that is generated in the palm oil industry. It is the 
residue left after the removal of the mesocarp and kernel 
of the palm oil fruit. Numerous palm oil mills are located 
at locations surrounding the Federal University Oye-Ekiti. 
C 
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One of the many wastes that is being generated from these 
mills is empty palm oil fruit brunches. At present, these 
wastes are allowed to rot away. The purpose of this 
research is to investigate into ways by which these empty 
palm oil fruit brunches can be used as SCM in the 
production of concrete. 
 
2.0 Materials and Methods 
2.1 Materials 
The materials used for this investigation are: ordinary 
Portland cement, sand, gravel, potable water and empty 
palm oil fruit brunch ash (EPO-FBA). The cement was 
Ordinary Portland cement produced to satisfy the 
requirements NIS 444 (2014), classified as grade 42.5. For 
the coarse aggregates, granite chipping obtained from 
quarry with sizes ranges from 4.75mm to 20mm was used. 
The quarry was located in Ikole Town, where the Faculty 
of Engineering Campus of the Federal University Oye-
Ekiti, Nigeria was located. For the fine aggregate, river 
sand was obtained from Oko-Ootunja, a sand deposit 
location, closed to Ikole-Ekiti, in Nigeria was used. The 
sand was dried and sieved through sieve 2.36 mm and 
treated in accordance with BS EN 12620:2002+A1 (2008). 
The water used for the experiment was potable tap water, 
free from any dissolved metal or ions that might inhibit 
the setting and hydration process of the foamed concrete. 
The empty palm oil fruit brunch ash (EPO-FBA) was 
obtained from empty palm oil fruit brunch (Figure 1). 
They were wastes products generated through activities of 
palm oil industries. These industries were numerous 
around the Ikole and Oye Campuses of the Federal 
University, Oye-Ekiti, Nigeria, and thus served as the 
source of the empty palm oil fruit brunched used for this 
investigation. 
 
 
Fig 1: A Specimen of Empty Palm Oil Fruit Brunch 
 
The empty palm oil fruit brunches were collected from the 
numerous palm oil mill industries located around the 
institution where this research work took place. They were 
then sun-dried and pulverized into smaller pieces with the 
aid of the local pestle and mortar. The pulverized empty 
palm oil fruit brunches were then taken to the locally-
available grinding machine for milling to ash. The ash 
(EPO-FBA) was bagged using empty cement bags, and 
stored in a cool place. The technological processes 
employed were within the means and ability of the 
environment to ensure practicability of the process. 
2.2 Experimental Investigations 
2.2.1 Preliminary Investigations 
The preliminary investigations performed on the ash 
were: fineness, specific gravity and chemical analysis. Dry 
sieving was used for the fineness test; specific gravity 
bottle was used to determine the specific gravity of ash. 
The chemical analysis was done at the Department of 
Chemistry University of Lagos. Also some investigations 
for the purpose of characterization were carried out on the 
sand and the coarse aggregates. These includes: bulk 
density, moisture content, water absorption capacity and 
the particle size distribution by using the sieve analysis 
text (determined in accordance with BS EN ISO 17892-1 
(2014). 
 
2.2.2 Main Investigations  
Concrete specimens were prepared, using a mix ratio of 
1:2:4 and water-cement ratio of 0.50. The Portland cement 
constituent of the mix was subsequently replaced by EPO-
FBA from 0 – 20 % at 5% interval by weight. The samples 
without EPO-FBA served as the control. The workability 
was assessed through the slump test in accordance to the 
provisions of BS EN 12350: Part 2 (2000). The density and 
compressive strength tests conducted on concrete cubes 
150 x 150m x 150 mm in accordance with BS 12350: Part 6 
(2000) and BS EN 12390-3 (2009) respectively. The concrete 
specimens were moist-cured and tested after 60, 75 and 90 
days. The strength characteristics of each cube were 
determined on WAW-2000B computerized electro-
hydraulic servo universal testing machine, with accuracy 
of ± 1% of test force. 
 
3.0 Results and Discussions 
3.1 Preliminary Investigations 
The result of the specific gravity (SG) test showed that 
EPO-FBA had a SG of 2.47 while that of cement was 3.14. 
The implication of this is that more volume of EPO-FBA 
will result for a unit weight of OPC it replaced. The 
assessment of fineness of EPO-FBA in relation to the 
ordinary Portland cement (OPC) through dry sieving 
showed that 27% EPO-FBA as against 89% recorded for 
OPC passed through 45µm sieve.  This is an indication 
that the OPC was finer than the EPO-FBA. Fineness of the 
binder has been known to affect the hydration process (Li 
et al., 2015). The finer the binder, the rapid is the hydration 
and the higher the early strength. This is because 
hydration of binder starts at the surface of the particles, 
and it is the total surface area, which is a function of the 
fineness that represents the material available for 
hydration. The higher the surface area due to the fineness 
of the binder, the larger the area that is watered for 
hydration process, the higher development of strength in 
concrete (Awal and Uguong, 2010). The lower fineness of 
EPO-FBA in relation to OPC may affect its compressive 
strength development. The results of the preliminary 
investigations conducted to characterize the aggregates 
used are presented in Table 1. From Table 1, it can be 
How is the 
waste 
disposed 
now? 
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observed that the values obtained for weight-based 
parameters like: bulk density, dry density and the specific 
gravity, for coarse aggregates were higher than the values 
obtained for sand. Though a relatively wide range of 
grading for both fine and coarse aggregates is permitted 
by many specifications (ACI, 1999), some properties need 
to be mentioned. For example, from Table 1, the computed 
values of coefficient of uniformity (Cu = 
   
   
) and coefficient 
of curvature or gradation (Cc = 
        
      
), obtained from the 
results of sieve analysis were 4.85 and  
 
Table 1: Some Physical Properties of Aggregates Used 
Properties Coarse Aggregates Sand  
Bulk Density (kg/m3) 1789.52 1397.79 
Dry Density (kg/m3) 1722.89 1505.60 
Specific Gravity 2.65 2.61 
Moisture Content (%) 3.87 6.07 
Water Absorption 
Capacity (%) 
3.85 3.69 
Coefficient of 
Uniformity (Cu) 
4.85 6.90 
Coefficient of 
Curvature (Cc) 
1.82 1.16 
Fineness Modulus - 2.78 
1.82 for the coarse aggregates and 6.90 and 1.16 for the 
sand. A well graded aggregates that will ensure adequate 
compaction are considered to be the one whose Cc is 
between 1 and 3, and Cu is greater than 4, for coarse 
aggregates; and for sand, Cc is between 1 and 3, and a Cu 
greater than 6 (Terzaghi, et al., 1996). Also the fineness 
modulus of the sand of 2.78 satisfies ASTM C 33 (1997) 
specifications for fine aggregates which require fineness 
modulus not to be less than 2.3 or more than 3.1. Thus the 
coarse aggregates and sand are suitable for the production 
of good concrete.  
3.2. Chemical Analysis of EPO-FBA 
The results of chemical composition analysis of the 
Ordinary Portland Cement and the EPO-FBA used are in 
Table 2. In relation to the ordinary Portland cement, it can 
be observed in Table 2 that EPO-FBA is low in the amount 
of SiO2, and also the combined total of SiO2+Al2O3+Fe2O3< 
70%, a requirement for classification as high pozzolanic 
material (ASTM C 618). 
 
Table 2: Chemical Composition (%) of EPO-FBA and  
Cement 
Compound EPO-FBA Portland Cement 
SiO2 0.002 19.72 
Al2O3 0.005 4.940 
Fe2O3 0.003 0.710 
CaO 18.670 64.220 
MgO 1.540 2.190 
Na2O 0.510 0.670 
K2O 0.220 0.450 
SO3 0.000 1.030 
MnO 0.000 0.000 
Moisture Content 0.000 0.000 
LOI 64.200 0.002 
Also, the Loss of Ignition (LOI) present in the EPO-FBA is 
far greater than the LOI present in the cement. The loss on 
ignition, a measure of the extent of carbonation and 
hydration of free lime and free magnesia due to 
atmospheric exposure, of EPO-FBA is 64.2%. This value is 
far greater than the limits of 3.0% set by BS 12 (1996). The 
high LOI can be attributed to absence of any form of 
processing energy in its preparation. However, these may 
not prevent EPO-FBA from being hydraulic as the works 
of Day (1990) showed. His work, in which he survey over 
120 pozzolanic materials from different countries, revealed 
that some materials with low combined SiO2+Al2O3+Fe2O3 
;and with similarly high in LOI like bauxite waste, cinders, 
natural cement, etc. were still classified as pozzolans 
because of their proven cementitions properties. Also lime 
stone powder (LSP) was found to have high LOI by Le et 
al. (2014), yet it still performed satisfactorily. The alkalis 
(K2O and Na2O), with a combined percentage of 0.73% is 
low, and within the limits of the provisions of BS 12 (1996). 
Thus the possibility of the destructive alkali-aggregate 
reaction is eliminated in concrete containing EPO-FBA 
(Neville, 2003).  
 
3.3 Workability of Specimens with EPO-FBA 
The results of the workability to assess the ease with 
which freshly prepared concrete containing EPO-FBA can 
be transported and placed for the job and compacted to a 
dense mass without segregation and bleeding showed low 
slump values. The slump values were 50, 45, 40, 40, and 30 
mm respectively for 0, 5, 10, 15, and 20% cement 
replacement with EPO-FBA. This is an indication that 
harsher or lean mix progressively resulted with increase in 
the level of EPO-FBA in the mix. This can be attributed to 
the fact that EPO-FBA is lighter than cement (as 
previously discussed in Section 3.1), and this means a 
larger volume is required for a unit weight replacement. 
The larger volume means a larger surface areas are 
exposed for water to wet, making the water to become less 
sufficient as the EPO-FBA content is increased. The effect 
is that harsher mix resulted as the EPO-FBA in the mix 
increased. This is the reason for reduction in slump as the 
content of EPO-FBA in the mix increased. According to 
Neville (2003), these values translate to concrete with low 
workabilities. All the specimens however displayed true 
slump. The true slump displayed by the samples was an 
indication of cohesiveness of the mix and absence of 
segregation characteristics (Shetty, 2009). In order words, 
there was no disruption to cohesiveness of the materials at 
higher EPO-FBA content. The practical implication of the 
low workabilities of concrete with EPO-FBA is that such 
concrete can only be used in lightly reinforced sections (in 
slabs, beams, walls, and column), strip footings with 
substructure walls, hand placed pavement and for mass 
concrete (Gambhir, 2013). 
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3.4 Density of Specimens with EPO-FBA 
The results of the density for the concrete specimens with 
EPO-FBA as partial replacement of Portland cement are 
presented in Table 3. The standard deviations are in the 
parenthesis.   
     
Table 3: Density development of Concrete Specimen with 
EPO-FBA 
 
Efficient application of concrete requires a knowledge of 
its densities against the background that there exist three 
classes of concrete on the basis of weight namely, 
lightweight concrete, normal weight concrete and heavy 
weight concrete with densities 300 – 1,920 kg/m3, of 2,240 – 
2,480 kg/m3, and greater than 2,500 kg/m3 respectively 
(Falade et al., 2011). From Table 3, it can be observed that 
all the densities fell within the range for normal weight 
concrete at all the replacement values of cement with EPO-
FBA. In the light of this, it can be reasoned that concrete 
produced by inclusion of EPO-FBA at replacement level 
up to 20% can be used for normal weight concrete 
applications 
 
3.5 Compressive Strength of Specimens with 
      EPO-FBA 
The results of the compressive strength development for 
all the percent replacements of cement with EPO-FBA are 
presented in Figures 2 and 3. 
 
 
Fig 2: Effect of EPO-FBA on the Compressive    Strength 
Development of Concrete Specimens  
 
From Figure 2, it can be observed that the compressive 
strengths of all the specimens with and without EPO-FBA 
increased with curing age. This is to be expected, for it is 
already established that the strength-forming products of 
hydration – C-S-H gel - increased with curing ages 
(Fapohunda et al. 2015).  However, the compressive 
strengths of specimens with EPO-FBA reduced with 
increase in the cement replacement with EPO-FBA. The 
reduction in compressive strength can be attributed to 
many reasons. Firstly, from Table 1, it can be observed that 
the EPO-FBA percent composition of strength-forming 
compounds like SiO2 and CaO is low compared to that of 
the ordinary Portland cement. Thus more and more 
cement replacement with EPO-FBA resulted in in less and 
less quantity of the strength-forming compound, thus 
leading to progressive reduction in the compressive 
strength.  Also the results of the slump test had earlier 
shown loss of slump with increase in EPO-FBA (Section 
3.3). This means that EPO-FBA had dehydrating effect on 
the concrete specimens, resulting in the loss of water that 
is meant for the strength-forming hydration process 
(Fapohunda et al., 2015).  Insufficient water, according to 
Neville (2003), will slow down the formation of the C-S-H 
gel known to be responsible for the strength development 
in concrete, and will thus result in reduced strength as the 
quantity of the EPO-FBA in the mix increases.  
In addition, the lower fineness of EPO-FBA in relation to 
OPC may affect its compressive strength development 
because of lower available specific surface area. The 
higher the surface area due to the fineness of the binder, 
the larger the area that is watered for hydration process, 
the higher development of strength in concrete, and vice 
versa (Awal and Uguong, 2010). From figure 3, it can be 
observed that the compressive strength of the specimens 
increased with cement replacement up to 5% at all the 
curing ages considered, approximately at a rate of 5.34%, 
and they decreased there-after with increase in the content 
of EPO-FBA.  
 
 
Fig 3: Compressive Strength Development of  
Concrete Specimens with EPO-FBA 
This showed that concrete mix containing EPO-FBA up to 
5% replacement of Portland cement constituent will 
develop compressive strengths better than the control 
sample. 
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Weight replacement of Portland cement by 
EPO-FBA (%) 
60 days 
75 days 
90 days 
Curing 
EPO-
FBA % 
in Mix 
Density (kg/m3) of Concrete Specimens with 
Curing Age  
60 days 75 days 90 days 
0 2301.23 ± 35.90 2320.99 ± 45.20 2311.11± 
30.70 
5 2330.86 ± 28.56 2301.23 ± 40. 
34 
2320.99 ± 
33.56 
10 2350.62 ± 45. 45 2241.97 ± 39.25 2291.36 ± 
38.89 
15 2301.23 ± 42.56 2281.48 ± 38.45 2330.86 ± 
43.45 
20 2340.74 ± 39.32 2400.01 ± 40.23 2355.56 ± 
42.69 
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4.0 Conclusions and Recommendations 
From the results of this investigation, the following 
conclusion are made: 
(i) The concrete specimens with EPO-FBA became less 
workable with increase in the cement replacement 
with EPO-FBA 
(ii) Normal density concrete with densities in the range 
2240 – 2480 kg/m3 resulted when the cement 
constituent of the mix was partially replaced with 
EPO-EBA up to 20% 
(iii) The compressive strength developed by the concrete 
specimens at 5% cement replacement with EPO-FBA 
was better than the control samples. 
It can also be observed from this investigation that ample 
opportunity exists for the improvement of the fineness of 
EPO-FBA. It is an already established fact that when 
supplementing cementing material (SCMs) is ground very 
finely, the effect of residual carbon is minimized (Cordeiro 
et al., 2009) and better compressive strength development 
resulted (Awal and Nguong, 2010 and Couthinho and 
Papadakis, 2011).All these will lead to improved structural 
characteristics and responses of concrete containing such 
SCMs in relation to the control. A better grinding process 
with little or no processing energy, and that is the within 
technological capabilities of the people for its 
sustainability is necessary, and ought to be researched 
into. This could be multi-disciplinary, involving other 
branches of engineering such as Metallurgy/Materials, 
Mechanical and Agricultural Engineering. This is therefore 
recommended for future investigations. 
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